Intracellular substances released into the medium during rehydration of dry yeast cells can significantly improve the quality of a synthetic medium. Acceleration of yeast growth in this medium and increased yield of biomass are observed simultaneously. The change in the molecular arrangement of intracellular membranes as a result of the strong dehydration of live organisms is a negative phenomenon that reduces the level of cell viability. However, this phenomenon also represents an adaptive mechanism which facilitates the maintenance of population viability as a whole under extreme environmental conditions. 
Introduction
Yeast anhydrobiosis investigations are mainly directed at the detection of the different reconstructions of intracellular structures under conditions of extreme dehydration of living organisms. At the same time they permit us to identify the potential of eukaryotes under unfavorable environmental conditions and to detect previously unknown protective reactions for the maintenance of organism viability, as well as other unusual phenomena. It was in one such study that chromatin condensation in the cell nucleus was detected as one of the most important protective reactions (1) . Another important reaction is the segregation of irreversibly damaged cell sites by the plasma membrane (2) . Another interesting and unexpected process was the separation of chromatin-containing parts of the nucleus by the nuclear membrane (3) . This reaction probably favors the preservation of the minimum bound water content in the cells which is necessary for the maintenance of the structure and conformation of membranes and macromolecules.
When we investigated the anhydrobiosis of the starch-utilizing yeast Endomycopsis (Saccharomycopsis) fibuligera we observed an unusual phenomenon. Using this dehydrated yeast as inoculum under aerobic conditions we obtained higher yields of biomass as well as higher activities of amylolytic enzymes (α-amylase and glucoamylase) than with the use of native yeast as inoculum. We also observed a similar higher intensity of glucose fermentation to alcohol under anaerobic conditions (4) .
The objective of the present study was to test the hypothesis of the improvement of the nutrient medium content by the intracellular substances leaking from dried yeast cells during rehydration as a possible mechanism for this unexpected phenomenon.
Material and Methods
The yeast Saccharomyces cerevisiae 14, obtained from the collection of microorganisms of the Laboratory of Cell Biology, Institute of Microbiology and Biotechnology, Latvian University, was grown in nutrient media containing molasses (2% sugar, w/v) or glucose (2%, w/v) plus 0.7 g/l MgSO 4 , 0.5 g/l NaCl, 1.0 g/l (NH 4 ) 2 SO 4 , 1.0 g/l K 2 HPO 4 , and 0.13 g/l KH 2 PO 4 in flasks kept on a rotary shaker at 30 o C.
The cells were dehydrated at 37 o C by the convective method using a laboratory model of fluidized bed drier. To obtain dead cells, after the normal dehydration procedure we placed the dry cells in an oven at 105 o C for 30 min. The experiment was carried out as follows: dry viable (variant 1) and dry dead (variant 2) yeast cells were rehydrated in 10 ml distilled water for 15 min at 37 o C. We then inoculated compressed yeast (100 mg dry weight) or a suspension of rehydrated viable yeast cells (100 mg dry weight) into flasks containing 100 ml of glucose or molasses medium. We then added rehydration medium from the first or second variant of the experiment to some flasks and the same amount of distilled water to control flasks. All flasks were transferred to the shaker and cultured as described earlier. Absorbance at 660 nm was determined at 4-h intervals, and biomass yield was determined using the calibration curve for our preliminary culture.
Results and Discussion
Some hypotheses may be raised to explain such an unusual phenomenon as higher activity of amylolytic enzymes and higher accumulation of biomass under aerobic conditions as well as higher levels of glucose fermentation to alcohol when dehydrated cells rather than the normally used native yeast Endomycopsis fibuligera were employed as the inoculum (4). One possibility is that some genetic changes may occur in the cells during the dehydration process although it is difficult to justify the reproducibility of this phenomenon in each experiment during the drying of Endomycopsis fibuligera. Another possibility is that some yeast cell systems may be activated during the drying process, leading to an enhanced multiplication rate during their subsequent culture. This is an interesting possibility, especially if we consider that we have previously shown the activation and synthesis of a number of enzymes during the drying process, among them acid phosphatase, ribonuclease and others (5,6). An enhanced specific growth rate of viable dry yeast during drying has also been reported (7) . However, this would explain changes for only some generations but not for the entire period of yeast culture. In our opinion, a much more likely hypothesis is that changes in the molecular arrangement of the plasma membrane are the major factor determining this effect. As shown earlier, these changes are responsible for the highly significant increase of plasma membrane permeability during the rehydration of dry organisms. Different intracellular substances ranging from ions and nucleotides to rather large molecules can leak into the surrounding medium under these conditions (8) (9) (10) (11) . At the same time, varying numbers of cells irreversibly damaged during the dehydration procedure are always present in dry cell populations side by side with anhydrobiotic (viable) organisms. Of course some cells can also lose viability during the rehydration stage because this step is known to cause significant stress for damaged organisms, and when repair conditions are inadequate, part of the population may be killed. It is clear that larger quantities of intracellular substances can leak into the medium from dead cells than from viable cells. Thus, it is possible that some of these compounds can essentially improve the quality of the nutrient medium which will be used for reactivation of viable organisms, providing the conditions for accelerated restoration and subsequent growth and multiplication of the latter. This hypothesis was tested in the present study.
Many methodologic problems were faced in the present investigation using the yeast Endomycopsis fibuligera. For example, it was rather difficult to determine the rate of viability of mycelial forms of this yeast, differences in the plasma membrane permeability of mycelial and cellular forms of this yeast were detected, and the level of lysis that could occur at the time when the mycelial forms were transformed into cellular forms and during their subsequent culture was difficult to determine. For these reasons, we decided to use Saccharomyces cerevisiae, which also presents some other advantages. The use of this yeast, in addition to eliminating the problems mentioned above, also permitted us to determine whether this phenomenon occurs in a similar manner in any yeast species. Indeed, the major investigations of different aspects of yeast anhydrobiosis have been carried out on Saccharomyces cerevisiae.
In the first set of experiments dried Saccharomyces cerevisiae yeast was rehydrated, reactivated and cultured in nutrient medium containing molasses. The results obtained are illustrated in Figure 1 . When three samples of dry yeast were compared, a certain reproducibility was observed. Dry yeast cells depleted of intracellular substances that had leaked during rehydration showed the worst growth rate and produced the lowest biomass yield. Both of these parameters were slightly better in the sample of dry yeast which was not depleted of leaked substances. The best results were obtained when we added the rehydration liquid obtained by rehydrating dead dry yeast to the nutrient medium. Furthermore, after 48 h of dry yeast cultivation under these conditions we observed higher biomass yields compared to the experiment in which the normally used native yeast inoculum was cultured in control (standard) molasses medium without additives.
The results obtained in experiments in which native yeast was used as inoculum and was cultured in molasses medium with or without different additives were similar (Figure 1 ). It can be seen that the addition of rehydrating fluids to the nutrient medium resulted in accelerated growth and in a higher biomass yield.
It is well known that molasses medium is one of the best for Saccharomyces cerevisiae since it contains almost all the components necessary for growth. Therefore, we decided to determine whether the same effect occurred when synthetic medium containing glucose as the carbon source was used for yeast growth. The results of these experiments are shown in Figure 2 . As expected, the effect of the addition of rehydration liquid to the medium was highly significant. Also, if we used as additive the rehy- These experiments clearly showed that the intracellular substances that leaked from dry cells during rehydration greatly improved the content of the nutrient medium. This was important not only for "weakened" dry cells, as expected, but also for native (control) organisms.
In view of the higher biomass yields obtained when native yeasts were cultured in synthetic medium supplemented with rehydration liquid than when they were cultured in molasses medium, we may propose that synthetic medium supplemented with these additives is more "balanced" for Saccharomyces cerevisiae than standard molasses medium.
Thus, the present results confirm our proposal that the unusual "growth activation effect" observed in yeasts reactivated after anhydrobiosis may be linked to the phenomenon of "self-improvement" of the nutrient medium by the leakage of substances from dry yeasts during rehydration. The reason for the more significant effect observed for the yeast Endomycopsis fibuligera compared to Saccharomyces cerevisiae may be that, even if molasses medium is highly appropriate for S. cerevisiae, it is not so balanced for Endomycopsis fibuligera, which is known to produce amylolytic enzymes (α-amylase and glucoamylase).
In this case this medium could be significantly improved (especially for Endomycopsis fibuligera) as the result of leakage of certain intracellular substances from dry yeast cells during their rehydration. Of course it would be very interesting to identify the factors responsible for this effect.
Although the results obtained in the present study confirm one of the mechanisms of the "activation effect" proposed by us, we cannot exclude the possibility that other active factors may also exist. An additional interesting aspect is the effect of changes in the structural and functional characteristics of membranes that occur during cell dehydration on cell viability. At present, we are working with two hypotheses about the possible changes in the molecular organization of intracellular membranes occurring during the dehydration of living organisms that lead to their transfer to the state of anhydrobiosis. According to the first hypothesis, intracellu- (8, 12, 13) . However, since we are talking about the conditions that guarantee the preservation of organism viability, we must assume that such drastic intracellular membrane changes only occur at very small sites on the cell membrane. Since the H II -phase of lipids has not been detected in dry seeds or pollen (14) despite intensive biophysical investigation, we may propose the second hypothesis according to which there is a transition of membrane lipids from the liquid crystalline phase to gel during the dehydration of yeast cells (14) . Several investigators have proposed that this hypothesis applies to cases in which the relative humidity of pollen is higher than 0.05 g water per 1 g dry substance (>5%) and that the existence of the H II -phase is possible in the presence of a higher level of desiccation (15) . Regardless of which of these hypotheses is more plausible, all anhydrobiosis investigators agree that one of the factors responsible for the maintenance of dry organism viability is the maximum preservation of the initial molecular organization of intracellular membranes. However, the present results show that more complicated relationships seem to be at work here. It seems that some break in plasma membrane permeability as a result of certain changes in molecular organization may have a positive effect also on viable organisms after dehydration-rehydration procedures. Thus, an interesting situation arises: on the one hand, damage to the molecular organization of intracellular membranes or a break in these membranes is very dangerous for individual cells in the microbial population, but on the other hand, these changes may also represent a protective reaction for the maintenance of the viability of the population as a whole under extreme environmental conditions.
